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CHARACTERIZATION OF APRINTED 
DROPLET 

BACKGROUND 

A. Technical Field 
The present invention pertains generally to image process 

ing, and relates more particularly to characterization of a 
droplet. 

B. Background of the Invention 
Printing technology is an important component of applica 

tions such as printed circuit board (hereafter, “PCB') genera 
tion. Typically, PCB masks are printed by inkjet printers. It is 
important to be able to calibrate such printers as well as 
perform quality control in order to insure that their printing 
performance is consistent and meets specifications. 
An inkjet printer head contains a set of nozzles. It is pos 

sible to characterize each nozzle’s “signature' in terms of 
how it reproduces a calibration input pattern. One example of 
a calibration input pattern is a dot; a nozzle's rendering of the 
dot is a “droplet.” Major components of a nozzle's droplet 
signature include circularity, elongation, and splash. 

Building a quantitative model of characteristics of a droplet 
signature is a valuable tool in managing the quality of devices 
that generate these droplets. For example, noZZle signature 
characterization can be used in a variety of quality control 
tests. A nozzle's output can be compared to its calibration 
signature in order to determine whether it has become 
clogged or is otherwise malfunctioning. In another example, 
two printer heads can be tested for compatibility by compar 
ing the signatures of their nozzles and quantifying similarity 
or differences. This kind of test may be important for appli 
cations that require the use of multiple printer heads. 
One skilled in the art will recognize the vast applicability of 

droplet, or other printed shape, characterization across 
numerous markets and devices. 

SUMMARY OF THE INVENTION 

Systems, apparatuses, and methods are described for per 
forming an analysis of printed droplets. In various embodi 
ments, a “droplet” is a print of a dot within a calibration dot 
pattern that is input to the printer. The analysis of a printed 
droplet or droplets is performed by applying image process 
ing and computational geometric techniques. A report gener 
ated from that analysis characterizes the quality of the printed 
droplet(s). In various embodiments, a report of that analysis 
may characterize the quality of the nozzles on the printerhead 
of an inkjet printer in terms of the quality of the printed 
droplet(s). 

In certain embodiments, an inkjet printerprints an image of 
a calibration dot pattern. The printer may have software con 
figured to control which nozzle prints a specified region of the 
calibration pattern. In various embodiments, Snapshot images 
with microscopic resolution of various regions of a printed 
dot pattern may be generated by an image capture system. The 
Snapshot images are segmented into binary segmented 
images in which the pixels are identified as either foreground 
pixels that represent the regions containing printed dots, or 
background pixels. 
A method for characterizing a printed droplet within an 

image comprises segmenting the image into foreground pix 
els and background pixels, defining a plurality of connected 
components within the image, identifying the printed droplet 
by associating adjacent connected components that are within 
a threshold distance, and analyzing the printed droplet by 
quantifying at least one droplet image property. 
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2 
A droplet may be identified by performing a fast grouping 

analysis on the connected components within the image. A 
fast grouping analysis comprises overlaying a 2 dimensional 
indexing grid onto the image, labeling the connected compo 
nents within the image, and then identifying droplets by asso 
ciating adjacent labeled components located within a neigh 
borhood of one cell of the indexing grid. 

Analyzing statistical properties of droplets in a set of drop 
lets comprises calculating image properties of droplets in the 
set and then applying statistical analysis to the image prop 
erties of the droplets. In various embodiments, image prop 
erties of a droplet comprise dot-coverage percentage (the 
percentage of the pixels labeled as belonging to the droplet 
among pixels of the image within the area of the minimum 
bounding circle enclosing the droplet), and circularity (the 
width to height ratio of the minimum bounding rectangle 
enclosing the droplet). 
Some features and advantages of the invention have been 

generally described in this Summary section; however, addi 
tional features, advantages, and embodiments are presented 
herein or will be apparent to one of ordinary skill in the art in 
view of the drawings, specification, and claims hereof. 
Accordingly, it should be understood that the scope of the 
invention shall not be limited by the particular embodiments 
disclosed in this Summary section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference will be made to embodiments of the invention, 
examples of which may be illustrated in the accompanying 
figures. These figures are intended to be illustrative, not lim 
iting. Although the invention is generally described in the 
context of these embodiments, it should be understood that it 
is not intended to limit the scope of the invention to these 
particular embodiments. 

FIG. 1 depicts a block diagram of a system for generation 
and analysis of printed droplets according to various embodi 
ments of the invention. 

FIG. 2 illustrates an example of a printed dot pattern 
according to various embodiments of the invention. 

FIG. 3 depicts a block diagram of a droplet analyzer 
according to various embodiments of the invention. 

FIG.4 depicts a method for analyzing an image of a printed 
dot pattern according to various embodiments of the inven 
tion. 

FIG. 5A illustrates an example of identified components 
from regions of connected foreground pixels according to 
various embodiments of the invention. 

FIG. 5B illustrates an example of a minimum bounding 
rectangle and a minimum bounding circle fitted to each iden 
tified component according to various embodiments of the 
invention. 

FIG. 5C illustrates an example of a minimum bounding 
rectangle and a minimum bounding circle fitted to a droplet 
composed of three concatenated components according to 
various embodiments of the invention. 

FIG. 6 illustrates an example of fast grouping of printed 
droplets according to various embodiments of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Systems, apparatuses, and methods are described for char 
acterizing the quality of a printed droplet(s) produced by a 
printer. The analysis of the printed droplet(s) is performed by 
applying image processing and computational geometric 
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techniques. A report generated from that analysis enables the 
determination of characteristics of the device that produced 
the printed droplets. 

In the following description, for purpose of explanation, 
specific details are set forth in order to provide an understand 
ing of the invention. It will be apparent, however, to one 
skilled in the art that the invention may be practiced without 
these details. One skilled in the art will recognize that 
embodiments of the present invention, some of which are 
described below, may be incorporated into a number of dif 
ferent systems and devices including camera, Scanners, print 
ers, computers, facsimile machine, mobile devices, including 
those devices with a display or camera capabilities, multime 
dia devices, and the like. The embodiments of the present 
invention may be implemented in Software, hardware, firm 
ware, or combinations thereof. 

Components, or modules, shown in block diagrams are 
illustrative of exemplary embodiments of the invention and 
are meant to avoid obscuring the invention. It shall also be 
understood that throughout this discussion that components 
may be described as separate functional units, which may 
comprise Sub-units, but those skilled in the art will recognize 
that the various components, or portions thereof, may be 
divided into separate components or may be integrated 
together, including integrating within a single system or com 
ponent. 

Furthermore, connections between components/modules 
within the figures are not intended to be limited to direct 
connections. Rather, data between these components may be 
modified, re-formatted, or otherwise changed by intermedi 
ary components. Also, additional or fewer connections may 
be used. It shall also be noted that the terms “coupled' or 
“communicatively coupled' shall be understood to include 
direct connections, indirect connections through one or more 
intermediary devices, and wireless connections. 

Reference in the specification to “one embodiment” or “an 
embodiment’ means that a particular feature, structure, char 
acteristic, or function described in connection with the 
embodiment is included in at least one embodiment of the 
invention and may be in more than one embodiment. The 
appearances of the phrase “in one embodiment” or “in an 
embodiment in various places in the specification are not 
necessarily all referring to the same embodiment. 

A. System Implementations 
FIG. 1 depicts a system 100 for characterizing the quality 

of printed droplets according to various embodiments of the 
invention. The system comprises a printer 110, an image 
capture system 115, a droplet analyzer 120, and a statistical 
report generator 125. 

In various embodiments, printer 110 receives a dot pattern 
105 and produces a printed image of the dot pattern. In vari 
ous embodiments, printer 110 is an inkjet printer with soft 
ware that may be configured to control which nozzle prints a 
specified region of the pattern. FIG. 2 illustrates an example 
of a printed image of a dot pattern 200 according to various 
embodiments of the invention. In the example, each row of 
the dot pattern 205 is printed by a different printer nozzle 210. 

In various embodiments, an image capture system 115 
receives the printed image of the dot pattern and performs 
image capture of the printed dot pattern to produce Snapshot 
images of microscopic resolution at different locations of the 
printed image. In alternative embodiments, a sequence of 
Snapshot images is produced from the printed image. An 
example of such an image capture system is described in U.S. 
patent application Ser. No. 1 1/778,968, entitled “Low 
Memory Auto-Focus and Exposure System for Large Multi 
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4 
Frame Image Acquisition.” filed Jul.17, 2007, which is herein 
incorporated by reference in its entirety. 
A droplet analysis is performed on the Snapshot images of 

the printed image received by droplet analyzer 120. Droplet 
analysis results in computation of the statistical properties of 
image properties of droplets that are identified within the 
Snapshot images. In alternative embodiments, the analysis 
may be applied to shapes other than droplets such as lines or 
COCS. 

In various embodiments, statistical report generator 125 
receives the statistical analysis and produces a statistical 
report 130 that may contain the signature of each of the printer 
head nozzles represented in terms of the statistical properties 
of the droplets it produced. 
FIG.3 depicts a droplet analyzer 120 that receives a snap 

shot image of the printed image and computes statistical 
properties of droplets identified within the Snapshot image 
according to various embodiments. Droplet analyzer 120 
comprises an image segmenter 305, a connected component 
analyzer 315, a fast grouping analyzer 320, and a droplet 
property analyzer 325. 

In various embodiments, image segmenter 305 receives a 
Snapshot image of the printed image and segments the image 
pixels into “foreground' (labeled as “1”) and “background 
(labeled as “0”) regions. Local thresholding techniques may 
be used to perform segmentation. For example, a threshold 
may be calculated for each pixel in an image on the basis of 
information contained in a neighborhood of the pixel. The 
pixels threshold value may be compared to the value of a 
calculated image threshold Surface at the pixels (x,y) loca 
tion in order to determine the label assigned to the pixel. 
Those skilled in theart will recognize that there are other local 
thresholding methods that may be applied in order to perform 
segmentation, as well as other global thresholding methods. 
The foreground pixels represent regions containing the 

printed dots from the dot pattern. The segmented images are 
called “binary segmented images' because each pixel may 
have a 1 label or a 0 label depending upon whether it was 
determined to be within a foreground region or a background 
region. 

In various embodiments, connected component analyzer 
315 receives a binary segmented image, and identifies and 
labels bounded regions of adjacent foreground pixels within 
the binary segmented image. In certain embodiments, con 
nected component analyzer 315 performs a Connected Com 
ponent Analysis (hereafter, “CCA) on each pixel within the 
image. One example of a CCA is to Scan each row of pixels 
within an image, determining the component label of each 
pixel in a row. To determine the component label of a pixel, 
the principle of “8-connectivity” is applied so that the pixels 
label is based on the labels of the 8 pixels within a 3-by-3 
neighborhood surrounding the pixel. One skilled in the art 
will recognize that this is an example, and that various meth 
ods of CCA may be used on grayscale as well as color multi 
layer images. A connected component may be defined as a 
bounded region enclosing a connected set of foreground pix 
els. 

In various embodiments, fast grouping analyzer 320 
receives an image that contains labeled connected compo 
nents in order to identify and label individual droplets includ 
ing their possible splash. As previously discussed, splash may 
appear in a captured image of the droplet and is a result of an 
ink Splash as a nozzle is rendering a dot. In embodiments 
using CCA, the splash may be labeled as a separate connected 
component. A "minimum bounding circle” and a “minimum 
bounding rectangle' may be fitted to a labeled component 
within an image. A "minimum bounding circle” is the mini 
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mum area circle among all circles enclosing a set of points 
plotted in 2 dimensions. A "minimum bounding rectangle' is 
the minimum area rectangle among all rectangles enclosing a 
set of points plotted in 2 dimensions. Fitting a minimum 
bounding shape to a labeled connected component may result 
in finding the minimum bounding shape that encloses the 
pixels labeled as belonging to that component. 

In various embodiments, a “fast grouping analysis” is per 
formed in order to identify droplets. In a fast grouping analy 
sis, an indexing grid is overlaid onto an image that has labeled 
connected components. Each connected component may 
have a label identifying the indexing grid cell to which it 
belongs as well as its identifying label. Adjacent connected 
components that have minimum bounding shapes that are 
within a threshold distance of each other may be associated 
into a single droplet. Using both the connected component 
labels and the indexing grid cell neighborhoods allows this 
analysis to be performed quickly. One skilled in the art will 
recognize that various dimensions of the grid and various 
distance threshold values may be used to perform a fast 
grouping analysis. 
A connected component may be determined to be splash if 

its distance to another component within a grid cell is less 
than a distance threshold and both its minimum bounding 
rectangle and minimum bounding circle have areas that are 
smaller by a size threshold than the areas of the minimum 
bounding rectangle and minimum bounding circle that have 
been fitted to the neighboring component. In embodiments, a 
minimum bounding box and a minimum bounding rectangle 
may be re-computed for a droplet that has been labeled as a 
result of the application of CCA and fast grouping analysis. 

In various embodiments, droplet property analyzer 325 
receives an image that contains labeled droplets and performs 
statistical analysis of the droplet image properties for sets of 
labeled droplets. In embodiments, droplet image properties 
may comprise "dot-coverage percentage' and "circularity.” 
Dot-coverage percentage is the percentage of foreground pix 
els among the image pixels within the area of the minimum 
bounding circle that is fitted to a droplet. A larger dot cover 
age percentage may be interpreted to mean that less splash is 
associated with a droplet. Circularity is the width to height 
ratio of the minimum bounding rectangle that is fitted to a 
droplet. A droplet is more circular in shape if the circularity is 
closer to 1. 

B. Method for Analyzing an Image of Printed Droplets 
FIG. 4 depicts a method 400, independent of structure, for 

analyzing an image of printed droplets according to various 
embodiments of the invention. In alternate embodiments, the 
analysis may be applied to shapes other than droplets such as 
lines or corners. In various embodiments of the invention, 
method 400 may be implemented by embodiments of droplet 
analyzer 120. 

1. Image Segmentation 
In step 405, image segmentation is performed on Snapshot 

images of a printed dot pattern. In certain embodiments, the 
pixels of a Snapshot image are classified into “foreground 
(labeled as “1”) and “background' (labeled as “0”) regions. In 
embodiments, local thresholding techniques are used to per 
form segmentation. For example, a threshold may be calcu 
lated for each pixel in an image on the basis of information 
contained in a neighborhood of the pixel. The pixels thresh 
old value may be compared to the value of a calculated image 
threshold surface at the pixels (x,y) location in order to 
determine the label assigned to the pixel. Those skilled in the 
art will recognize that there are other local thresholding meth 
ods that may be applied in order to perform segmentation, as 
well as other global thresholding methods. 
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6 
In embodiments, the foreground pixels represent regions 

containing the printed dots from the dot pattern. The seg 
mented images are called “binary segmented images' 
because each pixel may have a 1 label or a 0 label depending 
upon whether it was determined to be within a foreground 
region or a background region. 

2. Connected Component Analysis 
In step 410, connected component analysis is applied to the 

foreground pixels of a Snapshot image in order to group pixels 
into discrete bounded regions called “components. In vari 
ous embodiments of the invention, step 410 may be imple 
mented by embodiments of connected component analyzer 
315. 

In certain embodiments, a Connected Component Analysis 
(CCA) is performed on each pixel within the image. One 
example of a CCA is to scan each row of pixels within an 
image, determining the component label of each pixel in a 
row. To determine the component label of a pixel, the prin 
ciple of “8-connectivity” is applied so that the pixel’s label is 
based on the labels of the 8 pixels within a 3-by-3 neighbor 
hood surrounding the pixel. One skilled in the art will recog 
nize that this is an example, and that various methods of CCA 
may be used on grayscale as well as color multi-layer images. 
In embodiments, a connected component is a bounded region 
enclosing a connected set of foreground pixels. 

FIG. 5A illustrates an example of a result of CCA accord 
ing to various embodiments of the invention. In the illustra 
tion, regions containing foreground pixels are colored, and 
three connected components (505a-c) have been identified. 

3. Droplet Specification 
The fast grouping analysis (step 415) is applied to labeled 

connected components in order to identify and label indi 
vidual droplets including their possible splash. Step 415 may 
be implemented by embodiments of fast grouping analyzer 
320 in various embodiments of the invention. 
As previously discussed, splash may appear in a captured 

image of the droplet and is a result of an ink Splash as a nozzle 
is rendering a dot. In embodiments using CCA, the Splash 
may be labeled as a separate connected component. The com 
ponents 505b and 505c depicted in FIG.5A are examples of 
Splash that are labeled as separate connected components. 
A "minimum bounding circle” and a "minimum bounding 

rectangle' may be fitted to a labeled component within an 
image. A "minimum bounding circle” is the minimum area 
circle among all circles enclosing a set of points plotted in 2 
dimensions. A "minimum bounding rectangle' is the mini 
mum area rectangle among all rectangles enclosing a set of 
points plotted in 2 dimensions. In embodiments, fitting a 
minimum bounding shape to a labeled component means 
finding the minimum bounding shape that encloses the pixels 
labeled as belonging to that component. FIG. 5B illustrates an 
example of a minimum bounding circle and a minimum 
bounding rectangle fitted to a labeled connected component 
according to embodiments of the invention. Each of the con 
nected components 505a-c that is depicted in FIG.5A is fitted 
with a minimum bounding rectangle (510a-c) and a minimum 
bounding circle (515a-c). 

In various embodiments, a “fast grouping analysis” is per 
formed in order to identify droplets. In a fast grouping analy 
sis, an indexing grid is overlaid onto an image that has labeled 
connected components. Each connected component may 
have a label identifying the indexing grid cell to which it 
belongs as well as its identifying label. Adjacent connected 
components that have minimum bounding shapes that are 
within a threshold distance of each other may be associated 
into a single droplet. Using both the connected component 
labels and the indexing grid cell neighborhoods allows this 
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analysis to be performed quickly. One skilled in the art will 
recognize that various dimensions of the grid and various 
distance threshold values may be used to perform a fast 
grouping analysis. 

FIG. 6 illustrates an example of a fast grouping analysis 
applied to an image of printed droplets according to an 
embodiment of the invention. An indexing grid 605 is over 
laid onto the image: 610a and 610b are two of the labeled grid 
cells. In an example fast grouping analysis, grid cell 610a 
would be found to contain one droplet, the connected com 
ponent 615a, since there are no closely neighboring labeled 
connected components within the neighboring grid cells. 
Grid cell 610b also would be found to contain one droplet, the 
concatenation of connected components 615b and 615c. Con 
nected component 615b may be determined to be splash since 
its distance to its adjacent neighbor connected component 
615c is less than a distance threshold and both its minimum 
bounding rectangle and minimum bounding circle have areas 
that are smaller by a size threshold than the areas of the 
minimum bounding rectangle and minimum bounding circle 
that have been fitted to connected component 615c. 

In this example, a minimum bounding box and a minimum 
bounding rectangle are re-computed for a droplet that has 
been labeled as a result of CCA and fast grouping analysis. 
FIG.5C illustrates an example of a minimum bounding rect 
angle 510d and a minimum bounding circle 515d that have 
been fitted to a droplet that was labeled as the concatenation 
of three connected components. 

4. Statistical Analysis of Droplets 
A droplet may be described in terms of its image proper 

ties. The droplet image properties may comprise "dot-cover 
age percentage” and "circularity.” Dot-coverage percentage 
is the percentage of foreground pixels among the image pixels 
within the area of the minimum bounding circle that is fitted 
to a droplet. A larger dot coverage percentage may be inter 
preted to mean that less splash is associated with a droplet. 
Circularity is the width to height ratio of the minimum bound 
ing rectangle that is fitted to a droplet. A droplet is more 
circular in shape if the circularity percentage is closer to 1. 

In step 420, the image properties of the labeled droplets in 
an image of a printed dot pattern are calculated. In embodi 
ments in which the droplets correspond to the printed dots 
produced by specific nozzles of an inkjet printer, a statistical 
analysis of the set of droplets associated with a printer nozzle 
may be performed in order to characterize the nozzle's sig 
nature in terms of statistical properties such as mean and 
standard deviation of each image property, for example. Step 
420 may be implemented by droplet property analyzer 325. 

Aspects of the present invention may be implemented in 
any device or system capable of processing the image data, 
including without limitation, a general-purpose computer and 
a specific computer intended for graphics processing. The 
present invention may also be implemented into other devices 
and systems, including without limitation, a digital camera, a 
printer, a scanner, a printer, a facsimile machine, a multimedia 
device, and any other device that processes, captures, trans 
mits, or stores an image. Furthermore, within any of the 
devices, aspects of the present invention may be implemented 
in a wide variety of ways including Software, hardware, firm 
ware, or combinations thereof. For example, the functions to 
practice various aspects of the present invention may be per 
formed by components that are implemented in a wide variety 
of ways including discrete logic components, one or more 
application specific integrated circuits (ASICs), and/or pro 
gram-controlled processors. It shall be noted that the manner 
in which these items are implemented is not critical to the 
present invention. 
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It shall be noted that embodiments of the present invention 

may further relate to computer products with a computer 
readable medium that have computer code thereon for per 
forming various computer-implemented operations. The 
media and computer code may be those specially designed 
and constructed for the purposes of the present invention, or 
they may be of the kind known or available to those having 
skill in the relevant arts. Examples of computer-readable 
media include, but are not limited to: magnetic media such as 
hard disks, floppy disks, and magnetic tape; optical media 
Such as CD-ROMs and holographic devices; magneto-optical 
media; and hardware devices that are specially configured to 
store or to store and execute program code, such as applica 
tion specific integrated circuits (ASICs), programmable logic 
devices (PLDs), flash memory devices, and ROM and RAM 
devices. Examples of computer code include machine code, 
Such as produced by a compiler, and files containing higher 
level code that are executed by a computer using an inter 
preter. 

While the invention is susceptible to various modifications 
and alternative forms, specific examples thereof have been 
shown in the drawings and are herein described in detail. It 
should be understood, however, that the invention is not to be 
limited to the particular forms disclosed, but to the contrary, 
the invention is to cover all modifications, equivalents, and 
alternatives falling within the scope of the appended claims. 

I claim: 
1. A method for characterizing a printed droplet within an 

image, the method comprising: 
segmenting the image into foreground pixels and back 

ground pixels; 
defining a plurality of connected components within the 

image by identifying bounded regions of adjacent fore 
ground pixels; 

identifying the printed droplet by associating a first con 
nected component with a second connected component, 
both of which are in the plurality of connected compo 
nents, if a distance between the first and second con 
nected components is less than a threshold; and 

analyzing the printed droplet by quantifying at least one 
droplet image property, the at least one droplet image 
property comprising droplet circularity; 

wherein quantifying the circularity for the printed droplet 
comprises: 
calculating a minimum bounding rectangle for the pixels 

labeled as belonging to the printed droplet; and 
calculating the width to height ratio of the minimum 

bounding rectangle for the printed droplet. 
2. A method for characterizing a printed droplet within an 

image, the method comprising: 
segmenting the image into foreground pixels and back 

ground pixels; 
defining a plurality of connected components within the 

image by identifying bounded regions of adjacent fore 
ground pixels; 

identifying the printed droplet by associating a first con 
nected component with a second connected component, 
both of which are in the plurality of connected compo 
nents, if a distance between the first and second con 
nected components is less than a threshold; and 

analyzing the printed droplet by quantifying at least one 
droplet image property, the at least one droplet image 
property comprising dot coverage percentage; 

wherein quantifying the dot coverage percentage for the 
printed droplet comprises: 
calculating a minimum bounding circle for pixels 

labeled as belonging to the printed droplet; and 
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calculating the percentage of the pixels labeled as 
belonging to the printed droplet among pixels of the 
image within the area of the minimum bounding 
circle. 

3. The method of claim 2 wherein a connected component 
analysis defines the plurality of discrete components within 
the image. 

4. A method for characterizing a printed droplet within an 
image, the method comprising: 

segmenting the image into foreground pixels and back 
ground pixels; 

defining a plurality of connected components within the 
image by identifying bounded regions of adjacent fore 
ground pixels; 

identifying the printed droplet by associating a first con 
nected component with a second connected component, 
both of which are in the plurality of connected compo 
nents, if a distance between the first and second con 
nected components is less than a threshold; 

analyzing the printed droplet by quantifying at least one 
droplet image property; 

partitioning the image into a plurality of grid cells; and 
characterizing at least one droplet in at least one grid cell 

within the plurality of grid cells. 
5. The method of claim 4 wherein the first and second 

connected components are located within a neighborhood of 
a single grid cell within the plurality of grid cells. 

6. A method for characterizing a printed droplet within an 
image, the method comprising: 

segmenting the image into foreground pixels and back 
ground pixels; 

defining a plurality of connected components within the 
image by identifying bounded regions of adjacent fore 
ground pixels; 

identifying the printed droplet by associating a first con 
nected component with a second connected component, 
both of which are in the plurality of connected compo 
nents, if a distance between the first and second con 
nected components is less than a threshold; and 

analyzing the printed droplet by quantifying at least one 
droplet image property; 
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wherein a plurality of droplets is characterized based on the 

at least one droplet image property. 
7. The method of claim 6 further comprising calculating 

statistical properties across the plurality of characterized 
droplets in order to quantify a performance characteristic of a 
device that produced at least one droplet in the plurality of 
characterized droplets. 

8. The method of claim 7 wherein the device is an inkjet 
printer. 

9. A non-transitory computer readable storage medium 
storing computer executable instructions for performing the 
method of claim 1. 

10. An apparatus for characterizing a printed droplet within 
an image comprising pixels, the apparatus comprising: 

an image segmenter, coupled to receive the image, that 
segments the image into foreground pixels and back 
ground pixels; 

a connected component analyzer, coupled to receive the 
image with labeled foreground pixels, that defines a 
plurality of connected components within the image by 
identifying bounded regions of adjacent foreground; 

a fast grouping analyzer, coupled to receive the image with 
a plurality of connected components, that identifies the 
printed droplet by associating a first connected compo 
nent with a second connected component, both of which 
are in the plurality of connected components, if a dis 
tance between the first and second connected compo 
nents is less than a threshold; and 

a droplet property analyzer, coupled to receive the printed 
droplet, that quantifies at least one droplet image prop 
erty; 

wherein a plurality of droplets is characterized based on the 
at least one droplet image property. 

11. The apparatus of claim 10 wherein the at least one 
droplet image property comprises droplet circularity. 

12. The apparatus of claim 10 wherein the at least one 
droplet image property comprises droplet dot coverage per 
centage. 


